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EFFECTS OF SEALANT AND SELF ETCHING PRIMER ON 
ENAMEL DECALCIFICATION IN VIVO 
 




 Self etching primer (SEP) saves valuable time by eliminating the multiple steps 
required to place a sealant prior to bonding brackets.  The purpose of this study is to compare 
the resistance to demineralization between SEP and a conventional sealant.  25 patients were 
bonded with either SEP or Sealant using the split arch technique.  At the end of the 
observation period (18-24 months), the plaque index and decalcification scores were noted.  
Data was analyzed using ANOVA and Tukey Kramer test.  Significantly higher 
decalcification score was found with the SEP group as compared with the Sealant Group 
(p<0.001).  Significant difference was also found between the level of hygiene compliance 
and decalcification (p<0.0001).  Patients with fair or poor hygiene compliance have higher 
decalcification scores with SEP as compared to Sealant.  These results suggest that 
application of a self etching primer saves chair time but provides less resistance to enamel 
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Fixed orthodontic appliances make it difficult for young patients to maintain adequate 
oral hygiene during orthodontic treatment.  The tooth surface adjacent to bonded attachments 
is particularly susceptible to formation of caries.  Several studies have found an increased 
amount of plaque around orthodontic appliances.(1;2)  The adherence of plaque to the tooth 
surface initiates the decalcification process.  Other studies have reported an increase in the 
number of Streptococcus mutans and Lactobacillus species in the oral cavity following 
placement of fixed orthodontic appliances.(3) A higher concentrations of these bacteria 
increase the risk of decalcification.(4)  Plaque bacteria produce organic acids, which cause 
the dissolution of calcium and phosphate ions from the enamel surface.  This dissolution 
results in the formation of a white spot or early carious lesion, which may form in a period of 
four weeks.(5-8)  If the diffusion of ions away from the tooth surface continues, cavitation of 
the enamel surface will result. 
Several methods have been implemented to prevent or reduce enamel decalcification 
during orthodontic treatment including fluoride application in various forms, enamel sealants, 
rigorous oral hygiene regimens and modified appliance designs. 
   Application of sealant after etching has been shown to prevent enamel 
decalcification in vitro.(9) The application is usually a two-step procedure involving etching 
of enamel with phosphoric acid, rinsing and application of a primer/sealant prior to the 
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orthodontic bracket being bonded to the tooth.  A new product Transbond Plus Self-Etching 
Primer (3M Unitek) was introduced on the market, which allows etching and priming of 
enamel to be done in one step.  The advantage of this product is that it provides less chair 
time for the patients and the etching process is not as dramatic as traditional methods.(10;11)  
The disadvantage of such a product is the omission of the sealant layer.  The purpose of this 
study is to determine the effects of a sealant compared with a self-etching primer on enamel 
decalcification around orthodontic brackets in vivo. 
STATEMENT OF THE PROBLEM 
 Patients who undergo orthodontics are at an increased risk in developing enamel 
decalcification.  This problem can lead to esthetic compromises and expensive restorative 
procedures in the future.  Placement of sealant after etching of enamel gives protection 
against enamel decalcification.  The use of self etching primers, which combines the steps of 
etching and priming, saves valuable chairtime but may not provide protection against enamel 
decalcification.  The study will investigate two different bonding techniques and whether 
they may reduce the amount of decalcification present following orthodontic therapy, in the 
presence of a self-etching primer and sealant layer. 
SIGNIFICANCE OF THE PROBLEM 
  The results of this in vivo study will help the clinicians determine whether sealant 
application after etching is necessary.  This will allow clinicians to decide whether self-
etching primer bonding system can be used as an alternative means to bonding orthodontic 




1. There is no significant difference in the amount of decalcification between Light 
Bond, a conventional etch and seal adhesive system when compared to Transbond 
Plus, a one step self etching primer. when determining the amount of decalcification 
present. 
2. There is no significant difference among hygiene groups and between Transbond Plus 
and a conventional sealant. 
3. There is no significant difference between etch and sealant patterns of the two 
bonding agents when comparing surface morphology, utilizing a Scanning Electron 
Microscope. 
DEFINITION OF TERMS 
1. Bonding Material:  materials used in orthodontic to attach the fixed appliances to 
teeth. 
2. Decalcification:  an early carious lesion in enamel, the loss or removal of minerals 
specifically calcium and phosphate, from calcified tissues.  Clinically observed as a 
white opaque spot. 
3. Dental Plaque:  a sticky substance composed of saliva derived mucin, bacteria and 
bacterial products that accumulate on teeth. 
4. Enamel Etchant:  35-40% phosphoric acid, 60-65% water (Reliance Orthodontic 
Products, Inc., Itasca, IL, lot # 908169) 
5. Fixed Appliance:  an orthodontic appliance that attaches to the enamel surface of 
teeth, by bonding or cementation.  Most commonly referred to as brackets and bands. 
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6. Fluoride:  the monovalent anion of fluorine which has a cariostatic effect.  
7. Light Bond:  a fluoride releasing light cure sealant resin system used for bracket 
placement (Reliance Orthodontic Products, Inc., Itasca, IL, lot # 912079). 
8. Transbond Plus:  a one step self-etching primer adhesive system used for bracket 
placement (3M Unitek, 3M Center, St. Paul Minnesota). 
ASSUMPTIONS 
1. Orthodontic bonding will increase enamel decalcification around the appliance. 
2. The use of self etch primer system will decrease multiple steps and chair time for 
bonding. 
3. The level of decalcification is related to the level of oral hygiene compliance. 
LIMITATIONS 
1. Few Patients in this study may not complete the study or orthodontic treatment. 
2. Decalcification score may vary depending on oral hygiene compliance. 
3. Patients may vary in decalcification score according to diet and frequency of 
consuming cariogenic food. 
4. Assessment of decalcification will be clinical observation. 
DELIMITATIONS 
1. The only patients with a treatment time between 18 and 24 months were chosen. 
2. Only two types of bonding techniques were used. 




4. A clinical exam (visual and tactile detection) will be performed to determine 
decalcification. 









REVIEW OF LITERATURE 
DECALCIFICATION 
 Decalcification is basically broken down mineral elements, specifically calcium and 
phosphate with in the tooth structure, this most generally occurs when the oral environment 
is at a decreased pH.(12) Decalcification or demineralization is caused by ineffective oral 
hygiene and retention of bacterial plaque on the enamel surface for an extended period of 
time.(13)  The reduction in the mineral content of the tooth structure is termed as a white spot 
lesion having a chalky appearance clinically.(14)  This white spot lesion is the early stages of 
a carious lesion.  The mineral content fluctuates as intra-oral conditions change in respect to 
the development and maturation of bacterial plaque.  Decalcification is a back and forth 
process with alternating phases of demineralization and remineralization.(15)  The influx and 
the efflux of minerals in the enamel is affected by several factors including the oral pH, the 
presence or absence of fluoride, the contents and concentration of saliva, the concentration 
and virulence of the oral bacteria, the frequency of sucrose ingestion and the duration of  the 
pH conditions.(16)  Demineralization and remineralization occur at the same time, at various 




 Decalcification may develop within a month of bracket placement this is due to 
prolonged accumulation and retention of plaque next to the brackets.(18)  With the presence 
of orthodontic brackets and the bonding material can alter the oral environment, this 
alteration can support and initiate the formation of decalcification.(19)  These orthodontic 
patients are at an increased risk of developing clinically detectable areas of decalcification as 
a consequence of plaque accumulation around orthodontic attachments.(20)  
 Decalcification can be found in both the orthodontic and non-orthodontic populations.  
Misrahi conducted a study of high school aged children and found that nearly 85% of the 
group had clinical evidence of enamel decalcification of unknown etiology.(21) 
 Many studies have shown that fixed orthodontic appliances complicate patients oral 
hygiene, it is difficult to achieve adequate plaque removal.(6;22-28)  Patients are given 
instructions emphasizing the modification of oral hygiene, reduction in carbohydrate intake, 
and the administration of fluoride rinses.  Even with these efforts, decalcification has been 
reported in 2-90% of patients depending on the study.  The variability is a result of the 
interactions of the complex methods used to assess and quantify decalcification including 
lucency etiology and fluoride exposure.(29)  In studies of cross sectional design, when 
comparing patients following orthodontic treatment and patients not treated orthodontically, 
it is difficult to distinguish between idiopathic white spot lesions and decalcification.(30)  In 
an attempt to eliminate this problem, Zachrisson et al conducted a longitudinal study that 
recorded only new lesion formation.  A large variance in the prevalence of white spot lesions 
were reported with 89% in 1971 and 15% in 1977.(31;32)  
 The formation of white spot lesions on the buccal surfaces of teeth is common during 
orthodontic fixed appliance therapy due to the accumulation of microbial plaque around 
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appliances.(33)  Gorelick reported a significant increase in the incidence of white spot lesions 
following the placement of fixed orthodontic appliances when compared to a control group 
of untreated individuals.  The authors also found no significant difference in susceptibility 
between banded or bonded teeth.  This study also showed that 49.6% of the patients 
developed areas of decalcification.(34)  Several studies report different findings concerning 
which teeth are most likely to show decalcification,  Mizrahi cited the maxillary incisors and 
mandibular first molars as the most common teeth.(35)  Ogaard reported the maxillary and 
mandibular first molars,(36) Trimpeneers found maxillary lateral incisors to be the most 
frequently involved teeth(37) and Gorelick reported that the maxillary lateral incisors were 
most often affected while no decalcification was found on the lingual surfaces of mandibular 
teeth.(38)  The resistance of the mandibular segments to decalcification has been linked to 
the buffering capacity of saliva.(39;40)  O’Reilly and Featherstone cited the following 
common areas for plaque accumulation: gingival margins under bands where the luting 
agents have washed away, resin flash around bonded appliances that was not removed,(41) 
and the junction of the bonding agent and etched enamel surface.(42)  Despite the variance of 
the lesions location, it is evident that orthodontic patients are at an increased risk for 
decalcification regardless of the study. 
 Decalcification results from a highly localized drop in pH at the tooth surface.  This 
local drop occurs as a result of metabolism within plaque communities rich in Streptococcus 
Mutans (S. Mutans) and Lactobacillus.(15)  S. Mutans is the bacterial species most 
commonly associated with the initiation of caries due to their ability to rapidly produce acids 
from fermentable carbohydrates.(43)  Caries rates are directly affected by an increase in the 
population of S. Mutans.(44;45)  Generally accepted is the role of a high sucrose diet in the 
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increase of the S. Mutans population.  S. Mutans is necessary to cause a significant smooth 
surface carious lesion.(46)  Lundstom and Krasse found an increase in both S. Mutans that is 
involved in the initiation of the carious lesion and Lactobacillus that is involved in the further 
development of the carious lesion after the fixation of orthodontic appliances.(47;48)  
Murray was able to determine that the most accepted etiological relationship of caries 
involves fermentable carbohydrate (sucrose source), enamel, acid-producing microorganisms 
and time.(49) 
 This bacterial plaque consists of a soft, translucent, sticky material that is composed 
of bacteria and bacterial by-products.  Plaque accumulation is not a random process but 
rather a highly organized and ordered sequence.(15)  These adherent bacteria attach to 
receptors within the acquired pellicle on the tooth surface and secrete a sticky matrix that 
permits them to cohere to each other.(50)  The pellicle, which is formed from proteins and 
other salivary components, reforms almost immediately after a cleaned tooth is exposed to 
saliva.(51)  This adhesion and cohesion allow the bacteria to colonize within minutes of the 
formation of the pellicle.(15)  The pellicle, when in the presence of a fermentable 
carbohydrate, progresses into a thin plaque mass in approximately 24 hours.  S. Mutans 
metabolizes sucrose in the production of energy resulting in the formation of lactic acid as a 
metabolic by-product.(52)  As the level of lactic acid increases, the oral pH begins to 
decrease causing a shift in the mineral equilibrium favoring the net loss of minerals from the 
enamel surface.  As the plaque layer thickens and the structural complexity increases, the 
various salivary components combine with extracellular particles secreted by bacteria.  If the 
plaque mass is not removed, the pH will decrease below the critical level of approximately 
5.5.  This will allow for the dissolution of minerals away from the tooth surface. 
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 Several studies report that in a period of four weeks a white spot lesion can develop 
under an orthodontic appliance when in the presence of a cariogenic challenge.(6;53-57)  In a 
study using SEM, some enamel crystal dissolution was found after two days of plaque 
accumulation.(58)  Thylstup found that within eight to fourteen days following the 
elimination of plaque removal mechanisms, all of the participants demonstrated enamel 
decalcification despite the presence of a fluoridated community water supply.  Balenseifen 
and Madonia reported that the presence of orthodontic appliances causes a change in the flora 
of the oral environment from acidiphobic to acidiphillic.(59)  The authors found a significant 
decrease in the plaque pH as well as increases in the concentration of carbohydrates and 
microbial populations.  This type of plaque is more cariogenic as a result of the high 
concentration of acid-producing bacteria on the surface.  As the plaque mass matures, a 
change in the diversity of the bacterial species occurs with the appearance of more anaerobic 
and filamentous species.(60)  Within the mass and near the tooth surface, the environment 
favors the growth of these more virulent bacteria while maintaining a low pH.  The coupling 
of increased virulence (acidiphillic characteristics of bacteria) and low pH facilitates the 
continuation of the demineralization.  The layer of plaque on the surface provides an ideal 
environment for bacterial colonization and acid production.  This layer physically prohibits 
the acid from diffusing away from the surface as well as the calcium phosphate ions from 
reaching the surface to remineralize the enamel.(61) 
 Several studies link the intiation of enamel caries with the retention of plaque due to 
poor oral hygiene.  This plaque is the source for acid production when it is coupled with a 
fermentable carbohydrate and it prevents remineralization of the affected enamel.(62)  
Orthodontic appliances complicate the removal of food debris and accumulated plaque.  
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Several studies have found an increased amount of plaque around orthodontic appliances.(63-
65)  Gwinnett and Ceen suggest that the prescence of orthodontic appliances, wires, elastics 
and other attachments considerably affects an individual’s ability to achieve optimal plaque 
removal.(66)  Atack found that the increased plaque caused increased gingivitis, increased 
gingival bleeding, and increased probing depths.  He found that the presence of orthodontic 
appliances leads to the increase in the population of cariogenic periodontal bacteria including 
Actinobacillus, Bacteroides, and Prevotella.(67)  Increases in the quantity of plaque and the 
concentration of pathogenic bacteria contribute to an increased risk of decalcification in 
orthodontic patients.(68) 
 Associated with the increased plaque retention is the evidence of greater 
concentrations of bacteria (S. Mutans and Lactobacillus) and carbohydrates.(69)  Lundstrom 
and Krasse conducted a study of the salivary contents following fixation of orthodontic 
appliances and found an increase in both S. Mutans and Lactobacillus.(70)  S. Mutans is 
involved in the initiation of the carious lesion and Lactobacillus is involved in the further 
development of the carious lesion.(71)  Gwinnett and Ceen proposed that the presence of 
excess bonding agent known as flash around the base of the bracket can allow for plaque 
accumulation.(72)  The reduction in salivary access to tooth surfaces due to the appliance 
design may contribute to the accumulation of microorganisms and eventually decrease in the 
pH of the saliva.(73;74)  This drop in pH of the saliva alters the local oral environment 
leading to decalcification.(75)  Murray suggests that a diet consisting of frequent 
consumption of fermentable carbohydrates plays a significant role in the caries process.(49)  
Recent research suggests the microorganisms found in plaque may metabolize the polymetric 
matrix of bonding adhesives including acrylic composites thus creating channels within the 
 
 12
adhesive that increases porosity and pitting.  The action of the bacteria weakens the bond at 
the adhesive-enamel junction and is considered to be a cause of premature debonding and 
eventually caries.(76)  Mizrahi stated that cementing agents and food debris could contribute 
acid thus perpetuating the decalcification process.  The author citied the evidence as 
presented by Lefkowitz and Bodecker that the liquid portion of zinc phosphate cement, 
which is 40% to 50% free phosphoric acid, may have a demineralizing effect on tooth 
surfaces beneath orthodontic bands.  This phenomenon may occur with a thinned mix but not 
with a medium consistency mix.(77-80) 
 It is well known that sugars play an important role in the development of enamel 
caries.  Due to several variables including tooth resistance, fluoride, salivary properties, and 
plaque composition, no direct relationship exists between sugar consumption and caries.(81)  
The relationship between sugar consumption and caries incidence shows that frequent 
consumption of sugars is directly associated with caries.(15;81-85)  The acid produced by the 
fermentation of sugars results in a plaque pH drop, which initiates decalcification of the 
enamel.  For several years, the major focus of research on constituents of diet associated with 
caries has been restricted to sugars, sucrose in particular.  The close association of the 
frequency of ingestion of sucrose-containing foods, the duration that sugars are retained in 
the mouth, and the prevalence of dental caries have been reviewed exclusively.(15;81;86-89)  
The intake of dietary sucrose has two effects on plaque.  First, the frequent ingestion of foods 
containing sucrose provides a stronger potential for colonization of S. Mutans, enhancing the 
caries potential of the plaque.  And second, mature plaque exposed frequently to sucrose 




  Organic acids, the metabolic byproducts of the bacterial contents of plaque, cause the 
dissolution of ions from the enamel.(90)  The dissolution of ions from the tooth surface 
results in its altered appearance.  The characteristic appearance of decalcification is described 
as a white spot lesion referring to the chalky opaque surface of the lesion.  This appearance is 
an optical phenomenon attributed to the subsurface loss of calcified structure that is 
exaggerated by drying.  Conclusions from several studies have been established that describe 
the characteristics of the early enamel carious lesion.(91-97)  Evidence from these studies has 
supported the concept that the early enamel carious lesion consists of an intact overlying 
surface with a demineralized sub-surface area.(94)  Two theories exist concerning the 
differing zones.  One theory explains that the overlying surface remains intact due to its 
inherent resistance to dissolution.  The other theory proposed by Andersen in 1926 suggests 
that the minerals from dissolution of the sub-surface area are deposited in the overlying 
surface zone resulting in remineralization.(94)  The mineral-rich enamel surface area is 
slightly softer and more porous than surrounding enamel.  In contrast, the sub-surface zone as 
a reduced mineral content of 10-70% volume.(15) 
 Sturdevant describes four zones present in the early carious lesion as seen by a 
polarized light microscope.(15)  Zone One is know as the translucent zone.  This zone is 
located in the deepest part and represents the advancing front of the enamel lesion.  This zone 
is present in nearly 50% of lesions and may not extend the entire length of the front of the 
lesion.(96)  This zone marks the initiation of demineralization and contains pores or voids 
that form along the enamel rod boundaries, cross striations and striae of Retzius.  The 
increased spacing in the translucent zone is a result of the widening of the pores due to 
mineral loss.  Nearly 1% of the volume of the zone is spacing or pores, which is ten times 
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greater than the pore volume of normal enamel.  Zone Two is represented as the Dark Zone.  
This zone is located immediately superficial to the translucent zone and appears dark when 
viewed with polarized light.  The dark zone is present in approximately 85-90% of lesions 
and has a total pore volume or 2-4%.(96)  This zone appears dark due to the blockage of light 
by the numerous micropores that are too small to absorb the staining molecules.  These pores 
are thought to be filled with air, which makes the zone appear opaque.  It is thought that the 
dark zone may be formed by the deposition of ions into an area that previously contained 
only large pores.  The loss of crystalline structure in the zone is the result of the 
demineralization and remineralization.  The size of the dark zone may be indicative of the 
amount of recent remineralization.  The presence of the dark zone appears to be related to 
speed of thelesion advancement throught tooth structure.(96)  Zone Three is known as the 
body of the lesion.  This is the largest portion of the early carious lesion and is largely a 
demineralizing area.  This zone is positioned between the dark zone and the surface zone.  
The cross striations and striae of Retzius are well marked indication the preferential loss of 
minerals along these areas of higher porosity.  This zone has the largest pore volume, varying 
from 5% at its periphery increasing to 25% near the center.(15;96)  There exists several 
theories about the pathway of demineralization.  Sturdevant(15) stated that demineralization 
travels along the striae of Retzius and the cross striations and demineralizes the enamel rod 
cores preferentially.  Gustafson proposed that it initially affected the periphery of the enamel 
rod despite his findings of core demineralization occurring first.(98)  Crabb proposed that the 
demineralization process progresses in a wave-like manner and this causes an unmasking of 
the striae of Retzius and cross striations.(99)  Several studies have reported that at 
approximately 300µm to 600µm into the body, the lesions have mineral losses from 25-
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75%.(100)  Zone Four known as the Surface Zone is relatively unaffected by the caries attack 
and is relatively intact while the degree of demineralization occurs at the subsurface level.  
This zone is approximately 20-30µm thick and has a radiopacity similar to that of the 
unaffected adjacent enamel.  The surface morphology of the surface zone is comparable to 
that of normal sound enamel.  This zone has a pore volume of less than 5% to nearly 1% and 
maintains a mineral content of approximately 83% by volume as compared to 87% mineral 
content of normal enamel.(96)  Numerous theories exist that explain the preservation of the 
surface enamel and the continued demineralization  of the subsurface structure.  It has been 
found that the surface layer of enamel is more resistant to demineralization that the 
subsurface layers.  It has been hypothesized that hypermineralization by contact with saliva, 
increased fluoride content or increased the amount of insoluble protein that may be 
responsible for the relative immunity of the surface enamel.(15;100;101)  Others offer the 
explanation that the precipitation of minerals from the body of the lesion to the surface layer 
contributes to the surface zoned resistance to demineralization.(96;102)  This theory proposes 
that the minerals lost from the body zone remineralize the surface zone and preserves this 
enamel. 
 The most common characteristic of the incipient lesion is the pattern of prismatic 
destruction.  Initially the enamel prism sheaths enlarge followed by dissolution of the prism 
cores resulting in arcade-formed sheaths.  Finally, the interprismatic material is destroyed.  
Frank and Nalbandian suggest that this is the reverse order of normal enamel 
development.(103)  Arends and Christoffersen warn that artificially induced caries lesions 
are not identical to natural enamel lesions.(104)  Goldberg suggests that microchannels are 
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found in artificially induced lesions and are absent in natural enamel lesions.(105)  Therefore 
caution must be used when utilizing these lesions as experimental models.(94) 
 Decalcification is the basic result of an imbalance between demineralization and 
remineralization.  If this the normal balance is disturbed and decalcification continues 
cavitation may occur.(106)  The growth of the early carious lesions can be arrested or slowed 
when the diet sucrose level changes or bacterial plaque around the lesion is removed.  
Progression of the lesion may be slowed as the intact surface layer is broken down providing 
direct access to the cavitation for cleansing.  Upon the loss of the surface layer, the lesion 
may clinically appear brown, black or yellow due to organic materials incorporated into the 
lesion.  This staining is evidence of the lesion having been present for an extended period of 
time.  Some staining may occur as the result of certain substances such as coffee, tea, or 
tobacco.(15) 
 Remineralization may occur if the pH is elevated for an extended period.  This 
elevated pH will allow the influx of minerals from saliva or external sources into the enamel.  
Several studies suggest that a calcium fluoride surface layer forms when in contact with 
aqueous fluoride resulting in a layer that is less susceptible to demineralization than the 
original enamel surface.(96;107-109)  It is proposed that a significant amount of time, 
between16 to 24 hours, with an increased pH and in the presence of fluoride is necessary to 
favor an in vitro remineralization of enamel.(110)  If the acidic challenge is removed in the 
early stages of demineralization, the remineralization process may cause the lesion to regress 
or even reverse.(111;112) 
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PREVENTION OF DECALCIFICATION 
 Currently several methods exist that will hinder/retard enamel decalcification 
including a thorough oral hygiene instruction and supervision, fluoride administration, 
sealant application and proper appliance selection and placement. 
 Oral hygiene can reduce or control the amount of plaque in contact with enamel 
which will result in the prevention of decalcification.  Continuous reinforcement of oral 
hygiene habits and evaluation of the oral health status of the patient should be maintained 
throughout treatment.(113)  The prevention or removal of plaque is logical, since in the 
absence of plaque neither caries nor periodontal disease is found.(114)  Holmen(54) reported 
that professional oral plaque removal on a weekly basis could prevent the progression of an 
incipient lesion.  Such measures are labor intensive and costly.(115)  Mitchell suggests that 
plaque removal by mechanical or chemical means can be effective in the reduction of the rate 
of enamel decalcification.(116)  Tooth brushing is the most common form of mechanical 
plaque removal and can be performed with manual and electric toothbrushes.  Electronic 
toothbrushes have been found to be more effective in plaque removal than regular manual 
toothbrushes.(117;118)  Specifically designed orthodontic toothbrushes seem to be more 
effective than regular toothbrushes in removing plaque deposits around brackets.  Importance 
lies in the proper use and frequency of the cleaning.  Other studies have shown that sonic 
toothbrushes are 20 to 47% more effective in removing suprogingival plaque than manual 
toothbrushes.(119;120) 
 Oral irrigation devices, floss, and interdental cleaning aids may be included in the 
oral hygiene regimen as adjuncts and must not be considered to be substitutes for tooth 
brushing.(121)  Gwinnett and Ceen recommend the use of a rigorous home care program that 
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can provide oral hygiene education and motivation for the patient to maintain an optimal 
level of plaque removal.(122)  A chemical plaque removal agent (mouth rinse) is one that can 
reduce the oral flora by 99.9%(123) without disrupting the oral environment as well as being 
non-toxic.  A varying array of antiseptic rinses is available with chlorhexidine being the most 
effective.(124)  Hogg(123) attributes the effectiveness of chlorhexidine to its absorption onto 
the acquired pellicle resulting in substantivity.  The use of chlorhexidine is associated with 
the deposition of a brown stain, which can be removed with a professional oral prophylaxis 
following appliance therapy.(125)  Newer rinses that inhibit bacterial adhesion to tooth 
surfaces also appear promising, and it is suggested that more work on combinations of active 
ingredients is necessary.(126) 
 Fluoride administration has been proposed as a method of reducing enamel 
susceptibility to decalcification.(127)  Many consider the use of fluoride to be an effective 
approach in the prevention of enamel caries in that it affects the caries process by enabling 
the formation of high quality fluorapatite that aids remineralization and inhibits glycolysis of 
plaque microorganisms.(128-130)  Several manners of fluoride administration have been 
investigated including professionally applied gels, home rinses, and fluoride containing 
etchants, bonding agents, cementing media, and modules (elastics).(131)  Fluoride rinses 
have been shown to be effective in reducing the incidence of white spot formation in 
orthodontic patients.  Zachrisson found that professionally applied fluoride gel was beneficial 
in the prevention of enamel caries, however, it was not cost-effective.(132)  In a study by 
O’Reilly and Featherstone it was found that the combined daily use of fluoride dentrifice and 
mouthrinse (0.05% sodium fluoride) provided optimal protection from enamel decalcification 
during orthodontic therapy.(133)  Van der Linden and Dermaut(134) suggest that 
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decalcification may be reduced in orthodontic patients by employing a meticulous oral 
hygiene program including the use of fluoride.  Geiger implied that a one-time fluoride 
application immediately prior to fixation of orthodontic appliances is ineffective in reducing 
the incidence of decalcification.(135)  In this same study, decalcification was significantly 
reduced by 25% by the consistent use of a 0.05% sodium fluoride rinse during treatment.  
The authors also found only 50% compliance in their study despite extensive patient and 
parent education.  If patient compliance is poor, plaque removal techniques and fluoride 
programs will be ineffective in preventing enamel decalcification.  Therefore, clinicians have 
been focusing on techniques that reduce enamel susceptibility to decalcification while 
eliminating the requirement of patient compliance. 
FLUORIDE VARNISH 
 Fluoride containing varnishes were developed during the late 1960s and early 1970s in 
an effort to improve shortcomings of existing fluoride vehicles, such as fluoride gels or 
mouth rinses, by prolonging contact of the fluoride with tooth enamel. By the 1980s, fluoride 
varnishes were widely used in European countries.(136)  Fluoride varnish (Duraphat) 
contains 5% sodium fluoride (22,600 parts per million (ppm) F - and an application of 0.3-0.5 
milliliter would provide 6.8-11.3 milligrams of F -. 
 Fluoride varnishes are not intended to adhere permanently to a tooth, but to remain in 
close contact with enamel for several hours. Tooth brushing may be sufficient to clean the 
teeth before application and prophylaxis is not required.(137)  Fluoride varnish needs to be 
reapplied to maintain its caries-prevention effect.(138;139)  Various application schedules 
have been proposed and semi annual application has been tested most often. It is also shown 
that Duraphat is most active if application is repeated after 3 months.(140) 
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 With topical application of high concentration of fluoride (Duraphat), the main 
product deposited on the enamel surface and subsurface lesions is calcium fluoride.(141) 
Calcium fluoride may serve as a reservoir for fluoride ions to be redeposited as fluorapitite 
during remineralization.(142-144)  Fluorapitite remains permanently bound within the 
crystalline structure of the enamel.(145)  Numerous studies have been conducted to show the 
efficacy of Duraphat in the reduction of caries with results ranging from 18 to 77 percent  , as 
reviewed by de Bruyn and Arends.(146)  For studies utilizing a split mouth design, concern 
has been raised about possible crossover of fluoride varnish onto control teeth.(136;147)  
This effect would increase Type I error, that is, accept null hypothesis when, in fact, there is 
a difference in the preventive effect of varnishes compared with control.  
 For in vivo lesions induced under orthodontic bands, Oggard et al showed a 48% 
reduction of lesion depth with fluoride varnish.(148)  Todd et al., evaluated the effect of 
fluoride varnish on demineralization adjacent to orthodontic brackets and found a 50 % less 
demineralization with the varnish.(149)  Since demineralization occurs in about 50 % of 
patients undergoing orthodontic treatment, prophylactic use of fluoride varnish has been 
suggested. Bowman (2000) described the technique of application of fluoride varnish after 
bracket placement.(150)  With lip retractors in place, teeth are air-dried, a thin layer of 
varnish is applied and after 5 minutes the retractors are removed. The patient should be 
instructed not to brush for 24 hours. The varnish has a fast setting time and sets up upon 
contact with saliva.  
 Despite fast setting time and the small dosage used, the risk exists that young child 
will ingest some of the product during placement. In addition, as fluoride is released from the 
varnishes after treatment, some fluoride will be ingested. Roberts and Longhurst reported that 
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a mean of 5.2 mg F- (range, 0.7 to 14.5 mg F-) was applied.(151)  According to the authors, 
no one received acute toxic levels (1 mg F- per kilogram of body weight). Ekstrand and 
associates reported peak plasma fluoride concentration of 3.2 to 6.3 micromolar within two 
hours of treatment, followed by rapid two-hour decrease and a slower decrease 
thereafter.(152)  These levels were comparable with those found after brushing with a 
fluoridated toothpaste (mean +/- standard deviation, 3.63 +/- 0.45 micromolar/L) or after 
ingesting a 1-mg F – tablet (4.47+/- 0.47 micromolar/L),(153) and were considerably lower 
than those reported for APF gels (16 to 76 micromolar/L).(154) Isakson et al. reported a case 
of dermatitis and another case of stomatitis.(155)  These allergies were likely related to the 
colophony component of the varnish. The use of the product is contraindicated in patients 
with ulcerative gingivitis and stomatitis. 
SEALANTS 
 Sealants, a protective chemical barrier on the tooth surface is an acceptable modality 
for reducing enamel decalcification.(156)  Enamel sealants have been evaluated for 
effectiveness in inhibiting enamel decalcification during orthodontic treatment.  In a study by 
Ceen(157) the thinness of the applied sealant layer was cited as the reason for the 
ineffectiveness in inhibiting enamel decalcification.  It was suggested that the viscosity and 
filler load be increased to improve the effectiveness.  Brant and Zachrisson stated that the 
effectiveness of a low viscosity resin sealant is due to its penetration into acid-etched enamel 
where it polymerizes and protects the enamel against a cariogenic challenge.(92)  Another 
study found that decalcification was reduced by 13% when a viscous sealant was used.(158)  
Zachrisson testified that sealants provide protection, increase the resin bond strength, reduce 
need for strict moisture control during appliance placement and facilitate the appliance 
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debonding process.(159)  Chemically cured sealants were shown to be ineffective as a result 
of incomplete polymerization of the thin sealant layers.  The air-inhibited layer causes the 
incomplete polymerization.  Chemically cured sealants also contained numerous voids within 
the thin sealant layer.  Light cured sealants appear to have more complete polymerization and 
are more effective.(160)  Even after the thin sealant layer has worn away, the sealed teeth 
were more resistant to demineralization.  Joseph explained that the presence of resin tags in 
the enamel occupied potential sites of demineralization. 
SELF ETCHING PRIMERS 
 Conventional adhesive systems use 2 different agents (an etchant conditioner and 
adhesive resin/sealant) in the process of bonding orthodontic brackets to enamel.  A unique 
characteristic of some new bonding systems in operative dentistry is that they combine the 
conditioning and priming agents into a single acidic primer solution for simultaneous use on 
both enamel and dentin.(161;162)  Combining conditioning and priming into a single 
treatment step result in improvement in both time and cost-effectiveness to the clinician and, 
indirectly, to the patient.(163)  A single step adhesive system combines etchant and primer in 
one chemical compound, and are referred to as the sixth-generation adhesives.  Differing 
from a traditional etch/seal system, lacking a sealant layer.  One of these is Transbond Plus 
Self-Etching Primer (3M Unitek) that employs this new chemistry. 
 A self-etch approach to bonding involves either a two or one step application 
procedure.  The self-etch effect should be ascribed to monomers to which one or mor 
carboxylic or phosphate acid groups are grafted.(164)  Depending on etching aggressiveness, 
they can be subdivided into a “strong” and “mild” self-etch adhesive based on the pH.(165) 
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 “Strong” self-etch adhesives usually have a pH of 1 or below.  This high acidity 
results in rather deep demineralization effect.  At the enamel the resulting acid-etch pattern 
resembles a phosphoric acid treatment following an etch and rinse approach.(164;166;167) 
 The chemistry of Transbond Plus Self-Etching Primer (pH = 1) is similar to that of 
phosphoric acid, with two primer chains that form a solid primer matrix upon curing.(168)  
Transbond Plus  The ingredients in the Transbond Plus self-etching primer consists of two 
groups; 75 – 85% by weight of a methacrylate ester derivative and 15 – 25% by weight of 
water.  The component is then rubbed on the surface of the tooth causing a mass-transfer of 
product deep into the enamel, causing no damage to the enamel rods.  The liquid begins to 
etch the enamel as soon as it is applied, but it changes to a primer once the two-hydroxide 
chains are converted and hydrogen is released.  Because the monomers that cause the etching 
are also responsible for bonding, there is no need for rinsing and the depth of penetration of 
the monomers to be polymerized is exactly the same as the depth of demineralization, 
resulting in a complete hybrid layer.(10)  Sixth-generation adhesives were originally 
developed to adhere to dentin and reduce post-treatment sensitivity; since orthodontic 
bonding surfaces are only enamel, however, the etch patterns are consistently similar to those 
produced by etching with phosphoric acid.(169) 
 The unit-dose setup of Transbond Plus (3M Unitek) is designed for bonding an entire 
dental arch.  After the teeth are pumiced, rinsed and dried as usual, the Transbond Plus is 
activated by popping two reservoirs and mixing the components together with an applicator, 
the applicator than gently rubbed onto each enamel surface for two to five seconds(11) with 
the microbrush contained in the package.  As the pH rises, the etchant converts to the primer-
matrix.  The primer is then thinned with a burst of air, adhesive-coated brackets are placed 
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and any excess adhesive is removed with a scaler.  After each bracket is light-cured 
interproximally for 10 seconds, the archwire can be tied in. 
 Traditionally, orthodontists still use the acid-etch technique when bonding brackets to 
patients.  This system was introduced to orthodontic bonding by Newman in 1965.(170) 
Many different bonding systems and techniques have evolved since its conception.(171-173)  
Light Bond (Reliance) incorporates the acid-etch technique into its system.  Following 
etching with 37% phosphoric acid, the tooth is thoroughly washed and dried.  The 
sealant/primer (Light Bond) is then applied and light cured for 10 seconds.  The 
sealant/primer provides a chemical protective barrier and adhesive system, as mentioned 
earlier, adhesive coated brackets are then placed and any excess is removed with a scaler 
prior to final cure. 
 Transbond Plus would benefit the patient in time saved, as well minimal etching 
required to achieve the optimal results of bonding.  All the exposed enamel rods are 
immediately filled with the primer solution leaving no unexposed enamel rods that can be 
subjected to oral insult following bonding.  
 A recent in vitro study (Tanna et al) comparing demineralization between self-etching 
primer and conventional sealant showed there is a significant difference in the incidence of 
lesion formation between a self etching primer and a conventional sealant when exposed to 
an in vitro acidic challenge.  This same study showed self etching primer shows no resistance 
to demineralization and resultd in a 100% incidence of lesions formation in vitro.(174)  This 
study will use self-etching primers in vivo to determine whether decalcification is influenced 
by these new sixth-generation adhesives systems. 
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IN VIVO DECALCIFICATION STUDIES 
 Decalcification studies that are done in vivo are different than in vitro decalcification 
studies, in that the specimen cannot be extracted for microscopic evaluation following 
sectioning of the tooth.   Photographic interpretation has been used as a mean to qualify 
decalcification.  Photographic data has shown that both the individual variablility of enamel 
surfaces and the variability of a single tooth can be determined.(175)  Millet et al. used 
photographic interpretation in a study in 1996.(176)  Photographic data used in this study 
gives an enlarged permanent record which can be rescored as many times as required.  
Allowing for longitudinal comparison, it was found that the lesions appearing clinically as 
white spots may also comprise microcavities.  The enamel surface changes were classified at 
a magnification of 20X by three observers.  At debonding and after 1 and 2 years, tooth 
surface conditions were recorded photographically and visually inspected as before.  
Classification was made according to a modification of a scoring by Geiger et al.(177) as 
follows: 1 = no white spot formation, 2 = slight white spot formation, 3 = severe white spot 
formation, 4 = excessive white spot formation with cavitation.  In case of disagreement 
between the observers, the concordant classification between the three observers holds good. 
 A search of the literature revealed that earlier studies on the etiology of caries 
employed photographs to assess and quantify the extent of enamel surface changes.(178)  
This approach was modified in Mitchell’s study as it gives a magnified permanent record, 
which can be rescored.  In addition, this method allows the size of the lesions to be 
quantified.  A Nikon F2 camera plus a 135-mm Nikon lens was used with a bellows 
extension of 190mm.  A specially adapted light source was mounted on a pair of head phones 
to minimize reflection on the tooth surface as this would mask any enamel surface change.  
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The photographic technique used a specially adapted light source below the level of the teeth 
to minimize surface reflection.  For an accurate assessment of the extent of any 
decalcification the photographs needed to be taken perpendicular to the tooth surface.  
Depending upon the curvature of the upper labial segment, three to six views were needed to 
accurately record upper right canine to upper left canine.  Each patient was photographed 
before and after treatment, and where possible after 3 months post-treatment observation.  
Kodak plus X black and white film was used and the prints enlarged to 6X to show 
maximum detail.  The pre and post-treatment photographs were examined in light 
microscope, thus idiopathic enamel opacities present at pre-treatment could be 
discounted.(179)  Initially, a qualitative assessment of the presence or absence of 
decalcification was made.  Any affected areas were scored after:  0 = no enamel surface 
change, 1 = grayish discoloration, 2 = distinct white decalcification, 3 = cavitation.  A 
reproducibility study was carried out on 24 teeth to determine the accuracy of assessing the 
presence or absence of decalcification and the quantification of the changes seen.  The 
reproducibility study on 24 teeth showed 100% agreement on the presence or absence of the 
decalcification.  Five of the 24 teeth showed evidence of enamel surface change and when 
the decalcification was expressed as a percentage of the area of the tooth surface, a paired t-
test showed no significant difference between the two sets of measurements.  No significant 
difference was found between the two sets of measurements.  No significant difference was 
found between the numbers of test and control teeth with decalcification.(180)  
 A reproducible photographic method would provide three major advantages according 
to Hill et al.(181)  Number 1) It would reduce the examination time to a few minutes.  2)  
The size as well as the intensity of the areas of altered enamel could be recorded.  3)  The 
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scoring could be double blind ( the examiner not knowing from which subject and at what 
stage of the experiment the photograph was taken) with multiple examiners and thus greatly 
increase the accuracy of the test. 
 Geiger et al.(182) recorded the date each tooth was debonded and the labial enamel 
surface was visually examined in an illuminated and relatively dry field.  White spot 
formation, as reported previously, was scored.  For purposes of simplicity, the data were 
analyzed according to the absence versus presence of white spots.  At the termination of 
active treatment and debonding of remaining brackets, an evaluation of oral hygiene status 
was recorded for each patient as poor, acceptable, or excellent on the basis of the treatment 
record. 
 Most clinical studies of lesion progression have relied on visual inspection of the loss 
of transluceny and the extent of the opaque area.  In Linton’s study,(183) three in vivo lesion 
measuring methods were explored, namely, caries index, subtraction radiograpy and optical 
instruments.  Pilot experimentation proved that subtraction radiography of smooth surface 
lesions to be insensitive to minute changes in mineral content of the lesions.  An 
experimental optical instrument producing light scattering phenomena appears to be 
promising as an in vivo method, in that it is nondestructive and shows good correlation with 
mineral loss, but this method has not yet reached clinical application.  The third method 
caries index was used as a visual inspection, such that as the photographic interpretation, and 
where able to qualify their measurements with clinical appearance. 
 Gorelick et al.(184) examined the presence of white spots on the labial surface of 
individual teeth and scored the lesions as follows: 1 = No white spot formation, 2 = slight 
white spot formation, 3 = excessive white spot formation, 4 = white spot formation with 
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cavitation.  After pumicing for a few seconds and drying with a stream of compressed air for 
10-20 seconds the carious state of the vestibular enamel of premolars, canines and incisors in 
both jaws was recorded under direct illumination from a dental lamp.  The following scoring 
system was used:  (A) Caries index system as proposed by Fehr in 1961 for the assessment of 
the opacity of the carious white spots.  Score 0 = surface appears intack, 1 = limited grayish 
tinge, with or without accentuated perikymata, 2 = perikymata well accentuated, in some 
areas confluencing into grayish white spots, 3 = pronounced white decalcification.  
Desintergration of the enamel surface was registered as cavitation.  (B) A modification of the 
scoring system proposed by Gorelick for assessment of the extension of carious white spots.  
Score 0 = no white spot formation, 1 = white spot lesion involves less than one third of the 
vestibular enamel surface area outside the area covered by the bracket and bonding material 
during treatment, 2 = white spot lesion involves more than one third, but less than two thirds 
of the vestibular enamel surface area in question, 3 = white spot lesion involves more than 
two thirds of the vestibular enamel surface are in question.  Scorings were performed on 
mesial, distal, gingival and incisal aspects of each vestibular tooth surface.  Evaluation was 
performed jointly by the authors, in a few cases of disagreement the scores were arrived after 
discussion.  The reproducibility of the measurements for opacity and extension of the carious 
lesions were tested.  Eleven patients were randomly selected from one test group and re-
examined after one week.  The mean score per tooth for each patient was then calculated.  
Pearson’s product moment correlation coefficients were calculated between first and second 
measurement of extension of the lesions.  The difference between double measurements 
never exceeded one score unit.  On four of the 206 teeth re-examined a carious white spot 
was diagnosed as present at one examination, and not at another.(185)  The mean score per 
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tooth per subject was calculated for both scoring systems.  Mann-Whitney’s non-parametric 
test was conducted to determine any statistically significant differences in score between the 
groups.  In addition, the number of teeth with carious white spots, regardless of localization, 
opacity and extension, was calculated for each person.  Chi-square test was used to determine 
any statistically significant differences among the groups in distribution of patients with teeth 
affected by carious white spots.(185) 
SCANNING ELECTRON MICROSCOPE 
 The scanning electron microscope (SEM) is a research tool often employed in dental 
research.(186)  The SEM allows the examination of the entire surface of an object at both 
low and very high magnifications, whereas the whole surface cannot be examined with the 
light and transmission electron microscopes.  In addition, the depth of focus of the SEM is 
300 times greater than that of conventional instruments.(187) 
 Electron microscopes were developed due to the limitations of light microscopes 
which are limited by the physics of light to 500x or 1000x magnification and a resolution of 
0.2 micrometers.  The Transmission Electron Microscope (TEM) was the first type of 
electron microscope to be developed and is patterned exactly on the light transmission 
microscope except that a focused beam of electrons is used instead of light to see through the 
specimen.  Scanning Electron Microscopes (SEM) debuted in 1942 with the first commercial 
instruments around 1965.(188) 
 Conventional light microscopes use a series of glass lenses to bend light waves and 
create a magnified image.  An SEM shows very detailed 3-dimensional images that are 
created without light waves and are rendered in black and white.  Samples have to be 
prepared carefully to withstand a vacuum within the microscope.  Specimens are dried in a 
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special way that prevents distortion of the object.  Because the SEM illuminates them with 
electrons, the specimens have to be made to conduct electricity.  This is done by coating the 
object in a very thin layer of gold by a machine called a sputter coater.  The sample is then 
placed inside the microscope’s vacuum column through an air-tight door.  After the air is 
pumped out of the column, an electron gun (at the top) emits a beam of high energy 
electrons.  The beam travels downward through a series of magnetic lenses designed to focus 
the electrons to a very fine spot.  Near the bottom of the SEM, a set of scanning coils moves 
the focused beam back and forth across the sample, row by row.  As the electron beam hits 
each spot on the sample, secondary electrons are knocked loose from its surface.  A detector 
counts these electrons and sends the signals to an amplifier.  The final image is built up from 
the number of electrons emitted from each spot on the sample.(189) 
 Poole and Johnson studied the effects of formic, lactic, hydrochloric, and ethylene 
diamine tetra-acetic acids on enamel surfaces by SEM.(190)  They pointed out that the 
natural surfaces of enamel showed minimal recognizable structure before etching because of 
adherent plaque.  They also pointed out that the acids “dissolved the axial portions of prism 
heads so that etched surfaces transverse to prisms had a honeycomb appearance, etched 
surfaces parallel with prism direction showed troughs and ridges.(190)  Hoffman et al 
evaluated the SEM for ultrastructural studies of tooth enaml and found it well suited for such 
studies.(191)  Hoffman agreed with Poole and Johnson that acid etching causes 
demineralization of prism cores. 
 One can hope that the application of an SEM in a study of the effect of pumicing, 
surface treatment, and bonding to tooth surfaces would open avenues of knowledge to 
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MATERIALS AND METHODS 
INTRODUCTION 
 This chapter describes the samples, methods of data collection, statistical analysis, 
materials, method of error, and protocol that was used in this in vivo study. 
 SAMPLE DESCRIPTION 
 Twenty five sequential patients who meet the criteria for selection at the Department 
of Orthodontics, West Virginia University School of Dentistry, were assigned for this study.  
The criteria of selection will included: 1) patients with permanent dentition in both, maxillary 
and mandibular arches, 2) no previous orthodontic treatment, 3) comprehensive orthodontric 
treatment, with fixed appliances, completed between 18 and 24 months, 4) no presence of 
decalcification on the surface of the tooth to be bonded in this study, 5) teeth to be bonded 
are maxillary and mandibular 2nd premolar to 2nd premolar. 
METHODOLOGY 
 The patients chosen for this study first met the criteria for selection as previously 
stated.  A split mouth technique process was employed in this study, allowing each patient to 
serve as their own treatment and control groups. Alternating opposing arches were assigned 
to the patients, in sequential order, to randomize the study.  Patient data for analysis at 
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completion of treatment consisted of the following groups; hygiene compliance score, 
bonding agent, location of bonding agent, and amount of decalcification. 
 Plaque scores were taken according to the O’Leary Plaque Index(192), to determine 
oral hygiene compliance throughout treatment.  An initial plaque index was taken prior to 
treatment.  Four periodic plaque scores were done during treatment, as well as one at the 
completion of treatment.  Each patient will have a total of 6 plaque scores.  Each plaque 
score is recorded in percentage by summing the total # of surfaces with plaque and dividing 
by the total # of surfaces examined then multiplying by 100.  Plaque scores were then 
averaged to determine the patient’s final hygiene score.  Based on the final hygiene score, a 
patient was assigned a hygiene grade of excellent (E), good (G), fair (F) and poor (P).  (E = 
0-20% plaque, G = 21-40%, F = 41-60%, P = 61-100%).  Plaque scores will be recorded on 
treatment bonding forms located in Appendix B.  
 All patients received the same oral hygiene instructions following bonding procedures, 
and at periodic times during treatment when needed.  This instruction included, flossing and 
brushing with fluoridated toothpaste. 
Plaque Score Technique 
1. Suction out all saliva. 
2. Apply disclosing solution to all surfaces. 
3. Gently rinse and suction saliva and water out mouth. 
4. Record disclosed surfaces on chart below (excluding all molars). 
5. Divide total surfaces with plaque by total # of surfaces examined. 
6. Multiply by 100 to get a percentage. 
7. Record percentage. 
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 Two different bonding techniques were used for this in-vivo study; 1) a conventional 
etch-sealant system, see Figure 1 (Enamel etchant and Light Bond, Reliance Orthodontic 
Products, Inc., Itasca, IL) and 2) a self etching primer, containing no sealant layer, see Figure 







































Bonding techniques will be done according to manufactures recommendations. 
Bonding Technique – Conventional Etch/Sealant System (CES) 
1. Prophy teeth with non-fluoride oil-free pumice. 
2. Air dry thoroughly using oil and moisture-free air source. 
3. Isolate the teeth to be bonded. 
4. Apply etching agent with applicator (37% phosphoric acid). 
5. Allow 30 seconds for etching, rinse each tooth for 10 seconds. 
6. Dry each tooth thoroughly, area should appear frosty white. 
7. Apply thin coat of primer/sealant to tooth to be bonded. 
8. Light cure sealant for 10 seconds. 
9. Apply bracket with composite to tooth, wipe off excess composite and cure 
each side of bracket for 10 seconds. 
Bonding Technique – Self Etching Primer (SEP) 
1. Prophy teeth with non-fluoride oil-free pumice. 
2. Hold sheath of disposable applicator in one hand.  Use the thumb and index 
finger of the other hand to completely squeeze the liquid out of the black 
reservoir towards the disposable applicator. 
3. Completely empty the contents of the black reservoir into the white (middle) 
reservoir by squeezing the liquid forward and carefully fold back the package 
at the interface of the black reservoir, keep the black reservoir tightly 
squeezed with thumb and index finger while bending the package. 
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4. Starting at the far end squeeze the liquid from the white (middle) reservoir 
into the purple (smallest) reservoir of the blister package using controlled 
pressure. 
5. Once the liquid was transferred to the purple (smallest) section of the blister 
pack, churn and swirl the applicator inside purple reservoir for 5 seconds to 
completely mix chemicals and thoroughly coat applicator tip. 
6. Remove applicator from the reservoir.  The applicator tip must have a light 
yellow color.  If not yellow, re-squeeze contents from outer reservoir to 
middle reservoir to small reservoir and mix well using a churning and swirling 
motion. 
7. Rub the saturated tip of applicator onto tooth surface.  Continue rubbing liquid 
onto enamel while applying some pressure for a minimum of 3-5 seconds per 
tooth. 
8. Redip applicator into reservoir to saturate tip before rubbing it onto next tooth. 
9. Repeat steps 6 through 8 for each tooth. 
10. When all teeth on one arch are primed, use an oil and moisture-free air source 
to deliver a gentle air burst to each tooth to dry primer into a thin film.  Direct 
air stream away from gingival.  One Transbond Plus self etching primer unit 
will etch and prime all teeth on one arch only. 
11. Proceed immediately with bonding.  If bonding was delayed, another coat was 
applied, delivered a gentle air burst to dry primer into a thin film and bonded 
bracket. 
12. Light cured. 
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 Twelve patients were bonded with the conventional etch/seal system (CES) on the 
maxillary arch and the self etching primer (SEP) on the mandibular arch, while the other 
thirteen patients had the SEP on the maxillary arch and the CES system on the mandibular 
arch.  Documentation of the location of bonding agent was recorded on the pre-treatment 
bonding sheet shown in Appendix B.   
 The criteria for selection of patients in this study presented with no pre-treatment 
decalcification.  Once patients have completed treatment, teeth decalcification scoring was 
followed using the scoring system as described by Geiger et al.(193)  Clinical exams will be 
performed using both tactile and visual senses to determine the score of the designated tooth. 
 Geiger used photographic interpretation in his study to determine decalcification in his 
study.  A Nikon F2 camera plus a 135mm Nikon lens was used with a bellows extension of 
190mm.(194)  The 190mm extension can produce almost double the size of print.  Due to the 
inability to obtain the similar lens, it was decided to use tactile and intra-oral examination as 
the method for scoring. 
 Decalcification was scored based on amount and severity of condition of selected 
teeth.  The scoring system followed: Score 1 = no white-spot formation/decalcification, Score 
2 = slight white-spot formation/decalcification (one area), Score 3 = severe white-spot 
formation or multiple areas of decalcification, Score 4 = Excessive white-spot formation, 
cavitation.  Scoring was recorded on the post-treatment bonding form seen in Appendx B.  
 Following completion of treatment all patients will have a hygiene score, type and 
location of bonding agent, and decalcification score.  All groups will have the same criteria 
and correlate to the type and location of bonding; the level of hygiene compliance based on 
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their plaque score; the decalcification score and location of the bonding agent.  Subjects were 
then analyzed according to the following groups. 
Group #1) Decalcification lesion by teeth.  This showed a selective distribution in the 
occurrence of white spots for teeth. 
Group #2) Decalcification lesion by location.  This showed a comparison of maxillary and 
mandibular arches. 
Group #3) Decalcification according to hygiene compliance.  This showed a distribution 
according to occurrence and severity based on hygiene grade of poor (P), fair (F), good (G), 
and excellent (E). 
Group #4) Decalcification according to the bonding agent.  This showed a distribution of 
occurrence and severity based on the type of bonding agent that was used. 
Group #5) Decalcification according to the bonding agent used and the occurrence and 
severity based on a hygiene grade of poor, fair, good and excellent. 
SCANNING ELECTRON MICROSCOPE 
 Four extracted 3rd molars will be analyzed by a SEM to compare surface irregularities 
associated with the different bonding agents employed in this study.  Preparations for the 
teeth are done accordingly; Tooth #1 - prophy tooth with non-fluoride oil-free pumice, rinse 
with water and allow 24 hours to dry; Tooth #2 – prophy tooth with non-fluoride oil-free 
pumice, rinse with water, apply 37% phosphoric acid etchant for 30 seconds, rinse with water 
and allow  24 hours to dry; Tooth #3- prophy tooth with non-fluoride oil-free pumice, rinse 
with water, apply 37% phosphoric acid etchant for 30 seconds, rinse with water 10 seconds 
and dry, apply thin coat of sealant according to manufactures protocol (see previous bonding 
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technique for CES), light cure and allow 24 hours to dry; and Tooth #4 - prophy tooth with 
non-fluoride oil-free pumice, rinse with water and dry, follow instructions for SEP bonding 
technique as stated above, light cure for 30 sec and allow to dry for 24 hours. 
 Once teeth have been prepared, each tooth will be individually analyzed with a 1500x 
magnification factor, by the JEOL scanning electron microscope, model # JSM-6400, 
manufactured in Tokyo, Japan.  While in the SEM an X-ray spectrum analysis will done on 
the CES and SEP surfaces using the Princeton Gamma Tech X-ray spectrometer, 
manufactured in Princeton New Jersey, all images will be used for the purpose of discussing 
surface differences. 
STATISTICAL ANALYSIS 
 Statistical significance in the difference of frequencies of decalcification among the 
groups will be determined by using ANOVA, one-way analysis of variance, Tukey Kramer 
multiple comparison procedure, and reliability coefficient to determine the method of error.  
Statistical significance was set a p<0.05.  Analysis will be figured according to groups listed 
below. 
SYSTEM OF ERROR 
 Determining the method of error was done by rescoring 226 surfaces.  This was done 
between 1 and 2 months following the initial decalcification score.  The operator was 
unaware of the location of bonding agent, the previous hygiene score, and previous 
decalcification score for that surface.  The surfaces were then compared to the original score 







RESULTS AND DISCUSSION 
RESULTS 
 As mentioned previously, Geiger used photographic interpretation in his study to 
determine decalcification in his study.  A Nikon F2 camera plus a 135mm Nikon lens was 
used with a bellows extension of 190mm.(195)  The 190mm extension can produce almost 
double the size of print.  Providing the clinician with up close visual detection projected on a 
large screen.  Due to the inability to obtain the similar lens, it was decided to use tactile and 
intra-oral examination as the method for scoring decalcification, while continually following 
the clinical methodology developed by Geiger(196), we were able to obtain the following 
results. 
Decalcification Score of Teeth 
 When scoring individual teeth as a whole, there were a total of 469 teeth studied.  
Taking no other categories into consideration except the decalcification score; it was found 
that 371 (79%) teeth presented with a score =1 (no white spot formation), 61 (13%) teeth 
presented with a score = 2 (slight white spot formation/decalcification), 33 (7%) teeth 
presented with a score = 3 (severe white spot formation or multiple small areas of 




Decalcification Score by Location 
 There were 237 teeth represented in this study that were bonded on the mandibular 
arch and 232 teeth on the maxillary arch.  Although there was a slight difference in the 
overall decalcification between maxillary and mandibular arches, the difference was not 
found to be significant (p = 0.85).  The mean score for the decalcification on the mandibular 
arch and maxillary arch was 1.29 and 1.30 respectively. 
Refer to Figure 3.  
 



























Decalcification Score by Hygiene Compliance 
 Of the 469 teeth in this current study, it was shown that 32.4% reported excellent 
hygiene; 40.3% for good hygiene; 12.4% for fair hygiene; and 14.9% teeth were associated 
with poor hygiene.  The relationship between decalcification score and hygiene score was 
investigated. 
A significant difference was found between the hygiene status and decalcification 
score (p<0.0001).  When using a Tukey-Kramer multiple comparisons test, there was no 
significant difference between excellent and good hygiene.  However, significant differences 
were found comparing all other groups; E and F groups, E and P groups, G and F groups, G 
and P groups, and groups F and P.   
The mean decalcification score of all patients based on level of hygiene increased in 



































Decalcification Score by Bonding Agent Groups 
 When scoring total number of teeth with regards to bonding agent, of the 236 teeth 
examined using the SEP, 171 (72.4%) teeth bonded presented with a score of 1 (no white 
spots); 41 (17.4%) teeth with a core of 2 (slight white spots); 21 (8.9%) with a score of 3 
(multiple areas of white spot formation); 3 (1.3%) teeth with a score of 4 (cavitation).  With 
233 teeth examined using CES, 200 (85.6%) teeth scored a 1; 20 (8.6%) teeth scored a 2; 12 
(5.4%) teeth with a score of a 3; and 1 (0.4%) tooth with a score of a 4.  Refer to Figure 5. 
 
































When decalcification according to teeth, was analyzed according to the bonding agent 
used, it was shown that the SEP group recorded nearly double the amount of teeth (65 teeth) 
affected by decalcification, compared to the CES group (33 teeth).  A one-way analysis of 
variance showed that there was a significant difference between the bonding agents (p = 
0.001).  The mean score of all teeth recorded in the SEP group was 1.39 and the CES was 
1.20.  See figure 6. 
 

































Decalcification Score by Bonding Agent and Hygiene Interaction 
 Decalcification score, bonding agent, (CES or SEP), hygiene level (E, G, F, or P), and 
location of agent were correlated, analysis of variance (ANOVA) showed that there was a 
significant hygiene level (E, G, F, or P) by bonding agent (CES or SEP) interaction according 
to decalcification score (p<0.0001).  The least square mean for hygiene level decalcification 
scores were as follows:  Excellent Hygiene Group, bonding with CES was 0.99 and with SEP 
was 1.02: For Good Hygiene Group, bonding with CES was 1.04, while 1.17 with SEP: For 
the Fair Hygiene Group, bonding with CES was 1.42, while bonding with the SEP was 1.91: 
and for the Poor Hygiene Group bonding was 1.85 with the CES, while 2.40 when bonding  
with the SEP.  Refer to Figure 7. 



























The different decalcification score between poor and excellent hygiene levels in 
bonding agent CES is less than the difference in bonding agent SEP.  Figure 8 indicates that 
as the patient’s hygiene compliance decrease, there was a change in the difference in mean 
decalcification score between CES and SEP groups. 
 









































System of Error 
The method of error for this study was done by rescoring 226 surfaces.  This was 
done between 1 and 2 months following the initial decalcification score.  The operator was 
unaware of the location of bonding agent, the previous hygiene score, and previous 
decalcification score for that surface.  The surfaces were then compared to the original score 
and a reliability coefficient was created for this model.  The reliability coefficient of 0.903, 
indicating that there was no significant difference (p<0.0001) that would affect the original 
data. 
Scanning Electron Microscope Images 
 The accompanying photomicrographs of an area on the labial surfaces of pretreated 
extracted teeth represent the surface changes that occurred on the samples studied.  Although 
individual teeth as a whole may present with slightly different appearances, the tooth 
differences described here can be considered as representative. 
 Figure 9 demonstrates the tooth surface after pumicing (non-fluoride oil-free pumice) 
with a hand piece and rubber cup.  With the disappearance of the organic (soft) material, the 
patterned appearance of enamel rods, with the enamel prisms still intact and the cores not 



























 Figure 10 demonstrates tooth surface morphology following treatment with 37% 
phosphoric acid for 30 seconds.  This type of etch pattern corresponds with Silverstone’s 
classification pattern Type I.(197)  The Central Etch Type shows a preferred dissolution of 
central prism portions, thus constituting a honeycomb-like image.  The etch pattern exhibits 
hollowing of the prism cores with intact peripheral borders.  The various prism heads have 
crest-like peripheries.  Their jagged contours vary from the circular basic shape, adopting an 
arcade-like, pointed, or double to triple-peaked appearance.  Each prism head is surrounded 






















 Figure 11 demonstrates the surface appearance following a 37% phosphoric acid 
treatment as seen in Figure 10 and the application of a cured sealant layer.  Note the properly 
polymerized sealant layer covering the previously exposed enamel rods (Figure 10).  Sealant 
penetrates enamel prisms prior to curing, creating sealant tags, which are beneficial to the 
retention of the sealant layer.  The continuity of the sealant layer filling the deep tags, left by 

























 Figure 12 is the surface appearance of a self-etching primer following the pumicing 
process seen in Figure 9.  Note the scattered appearance of the enamel surface with no real 
regular pattern, lacking the characteristic honeycomb pattern, presenting with differing sizes 
of opacities and lucent areas.  The surface appears to be lightly covered by a thin layer of 






















 Figure 13 demonstrates the x-ray spectrum calcium peaks associated with the SEM 














































 This study compared two different bonding agents, a conventional etch/seal (CES) 
and a self-etching primer (SEP) which lacks a sealant/adhesive agent, and the amount of 
decalcification that may result with using them to bond orthodontic brackets in patients 
during treatment. 
 The study’s population consisted of 25 patients totaling 469 teeth bonded with 
orthodontic appliance.  These teeth were followed between 18 and 24 months.  20.9% of all 
teeth had some form of decalcification present after treatment.  When teeth with 
decalcification were broken down into treatment groups (CES and SEP), the CES group 
(control) had 13.9% of the teeth with some form of white spot formation, compared to 27.5% 
in the SEP group.  This is higher than previous studies investigating the significance of white 
spot formation following bonding by Geiger in 1988(198) and Gorlick in 1982(199).  
However, the incidence of decalcification is slightly lower than a study by Millett et al in 
1999.(200) 
Millett et al reported that the mean number of teeth affected per patient increased by 
about 30%.  Geiger et al found that of the entire sample that only 7.5% of the teeth presented 
with white spot formation.  However, his sample included in office and home fluoride 
application procedures with acidulated phosphate gel.  Gorlick et al’s study, which did not 
include a fluoride treatment, reported 11.3% of white spot formation, which was similar to 
what we found in the control sealant group (CES).  The main difference could be equated to 
the large sample size and the fact that Gorlick included molars in his study.  Sonis and 
Snell(201) reported a 13% incidence of decalcification in the control group in their study, 
which corresponds to 13.9% of decalcification in our control group.  Geiger et al does not 
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state the type of adhesive system employed in his study.  It can be speculated that the quality 
of the sealant 15 years ago may not the same today. 
The SEP group, which reported 27.5% of teeth affected with some form of white spot 
formation, doubling the occurrence of incidence present in the CES group in this study and 
other studies control group’s.(202;203)  Difference in decalcification incidence between the 
SEP and CES could be due to the fact that the SEP contains only etch and priming agents but 
lacking a sealant layer.  This observation is substantiated in an in vitro investigation 
comparing demineralization between SEP and conventional sealant.  Tanna et al reported that 
an application of a sealant provided resistance to demineralization and in 50% of the samples 
where SEP provided no resistance to demineralization (100% incidence of lesion 
formation).(174) 
 The location of decalcification was not a significant factor in this study, although 
there was a slight difference in the mean decalcification score between maxillary and 
mandibular arches.  This is in agreement with the findings by Gorelick et al.(204)  The author 
found no differences in the incidence of white spot formation between the right and lefts 
sides in the maxilla. In the mandible, the right posterior segment and the left anterior segment 
showed a greater incidence than their contra-lateral sides, but the findings were not 
significant.(205)  This was in agreement with the study reported by Gaworski et al who also 
showed no significant difference between contralateral sides.(206) 
 This study presented with a significant correlation between the hygiene level and the 
amount of white spot formation quantified as decalcification score.  Geiger et al (1988) 
divided his patients according to their hygiene status as non-compliers and compliers.  A 
significant association between white spot formation and compliance was found among 
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subjects and teeth.(207)  The findings agreed with our that a significant difference existed 
when comparing; E and F groups, E and P groups, G and F groups, G and P groups, and 
groups F and P.  The decalcification score of all teeth increased as the hygiene level changed 
from excellent to poor. 
 Analysis of bonding agent’s used in this study indicated that there is a significant 
difference between CES and SEP groups (p=0.001).  In vitro and in vivo studies that used a 
traditional sealant agent as control, have shown an incidence of 20 to 23% demineralization 
following the use of sealants.(208;209).  Similarly, Frazier in an  in vitro study reported a 
20% incidence of demineralization following the application of a sealant.(210)  An in vivo 
investigation by Banks’ found a 23% incidence of demineralization with a  non-viscous light 
cured sealant and found no significant difference when compared to the control, a traditional 
sealant.(211)  The current study (CES group) reported only 13.9% incidence by lesion.  This 
is slightly lower than Banks study.  This difference could be due to the design that used a 
modified decalcification index and direct clinical observation.  As previously stated the SEP 
group in this study reported 27.5% of teeth affected with some form of decalcification.  The 
SEP used in this study combines an etchant with a primer but does not have a resin 
component to provide a protective outer layer against demineralization from an acidic 
challenge.  The low pH of 1 (212) in the SEP renders a continuous acidic challenge, with the 
absence of a sealant layer, this could explain why the incidence of white spot formation is 
doubled in the SEP group. 
 A current in vitro study by Tanna(174)comparing the same SEP in this study and a 
conventional sealant reported that lesions occurred in the sealant group only when there was 
a break in the sealant layer.  This was in agreement with findings in other studies which have 
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shown that demineralization occurs if there is a break in the sealant layer integrity or at the 
periphery of the sealant material and slowly advances below the sealant layer.(96;213) 
 Tanna’s (174) study was the first to investigate enamel demineralization when SEP 
was used and the findings suggest that SEP provides no protection against demineralization 
and that it was no better than the control when no surface treatment was rendered.  50% of 
the sealant group showed incidence of lesion, but only when there was a break in the sealant 
layer after 2 minuets of simulated brushing.(174)  Tanna was also able to show that the SEP 
and no surface treatment control groups had similar extent of lesions.(174)  As previously 
stated there was a significant difference between the CES and SEP groups (p=0.001), with 
the SEP group showing an increase in white spot formation in every category.  Of the teeth 
studied 33 teeth with the CES treated surfaces reported white spot formation compared to 65 
teeth treated with SEP. 
 When considering all groups; decalcification score, bonding agent, hygiene status and 
location of agent, it was shown that there was a significant hygiene status by bonding agent 
interaction according to decalcification score (p<0.0001).  When comparing the data there 
was not a significant difference between both agents in the excellent hygiene category.  
However as the patient’s hygiene compliance decreased, the amount of difference between 
the CES and SEP groups mean decalcification score increased. 
When comparing decalcification scores among hygiene levels it can be seen that 
comparing the fair and poor hygiene level patients, the mean score of the SEP group in the 
fair hygiene compliance group (1.91) is higher than the mean score of the CES group (1.85).  
It implies that the particular surface treatment before bonding is irrelevant if the hygiene is 
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good to excellent, however, CES should be used if patients hygiene can be predicted as 
compromised. 
An attempt was made to use SEM to compare the surface characteristics created by 
the etching process of the two bonding systems.  The etching process in the SEP group is 
such that it is automatically converted to a primer, making it impossible to determine the 
surface change by the etchant.  Many studies have shown that with 37% phosphoric acid, the 
selective solubility of the enamel, acid-etching patterns which exposes the prism structure 
and roughens the surface creating deeply penetrating microclefts.(214;215).  The etchant 
pattern in the CES group, Figure 10, is consistent with Silverstone’s Classification Pattern 1, 
as mentioned previously.(197)  Information concerning the type of etching pattern created by 
an SEP is limited.  Visual detection of the etch pattern with a SEM is difficult due to the 
primer component incorporated in the component.   
The self-etch effect should be ascribed to monomers to which one or more carboxylic 
or phosphate acid groups are grafted.(164)  Depending on etching aggressiveness, they can 
be subdivided into a “strong” and “mild” self-etch adhesive based on the pH.(216)  Van 
Meerbeek et al (2003) was able to show that depending on the acidity of the self-etching 
primer, the strong self-etch adhesives relatively intensively interacted with enamel up to a 
depth of 5um which is similar to 37% phosphoric acid.  While the mild self-etch adhesives 
penetrate to a maximum of 2um, and do not have similar 37% phosphoric acid affect.(164) 
This can be substantiated by viewing the calcium peaks on an x-ray spectrum done in 
this study seen in Figure 13.  It was shown that when comparing the CES and SEP calcium 
peaks that there was no change in the amount of calcium present on the surface.  Indicating 
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the amount of calcium removed by the etching process of both could be considered 
comparable. 
 “Strong” self-etch adhesives usually have a pH of 1 or below.  While a “Mild” self-
etch adhesives has a higher pH.  The SEP in this current study is classified as a strong self-
etch with a pH of 1.(217)  This high acidity results in rather deep demineralization effect.  At 
the enamel the resulting acid-etch pattern resembles a phosphoric acid treatment following an 
etch and rinse approach.(164;218;219)  Miller (2001) was able to show that the SEP is 
similar to that of phosphoric acid, with two primer chains that form a solid primer matrix 










Figure 14.  Chemical comparison of phosphoric acid to self etching primer. 
 
When comparing the SEM images of the CES and SEP groups differences in the 
surface morphology can be found.  The SEP image lacks the characteristic honeycomb 
appearance, also showing no continuity along the surface, the surface appears to be lightly 
covered by a thin layer of polymerized primer with the surface remaining somewhat porous.  
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The CES image shows the continuity of the sealant layer filling the deep tags, left by the 
etching process, along with the presence of the filler in the sealants.  Findings in Tanna and 
Frazier et al suggested that decalcification occurred only when there was a break in the 
conventional sealant layer.(174;220)  Tanna’s study was also able to show that the entire 
surface of the SEP group exhibited demineralization, and that the entire surface of the SEP is 
susceptible to acidic challenge by the acid polymer.  The lack sealant resin in the SEP group, 
could lead to further demineralization when the tooth is placed in an artificial acidic 
environment.(174)  
Gwinnett and Buonocore were the first authors to describe resin tags inside the 
enamel as filamentous resin projections, similar to enamel prisms and approximately 10 um 
in length.(221)  Soares de Menezes and Chevitarese and others have described the role 
played by the resin tags as a factor responsible for the adhesive retention process for the 
sealants.(222)  Surface appearance of the CES group, Figure 11, is consistent with the 
previous studies mentioned.  It can be assumed that the CES group produces the same resin 
tag formation that other studies have shown with similar etching techniques.(221-223)  It is 
unclear whether the SEP group produces tag formation.  However, Van Meerbeek et al was 
able to show that a strong acid self-etch adhesives system will produced comparable etch to 
phosphoric acid.(164) 
Self-etching primers have been proven to intensely interact with enamel up to a depth 
of 5um, which is similar to regular etching.(164)  SEP system lacks a sealant/adhesive layer, 
making the primer solution the only component that could possible protect and penetrate into 
the etched enamel.  The primer could possibly have a potential to wash-out adjacent to the 
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bonded appliance, or just not be strong enough to withstand normal everyday oral influences, 
creating a more susceptible environment to the decalcification process. 
CLINICAL IMPLICATIONS 
 The formation of white spots (decalcification) during orthodontic treatment is a 
concern for clinicians.  Past research has shown that the incidence of lesions can be as high 
as 50% during orthodontic treatment.  With the addition of a sealant, one can reduce the 
incidence of decalcification up to 80%.(224;225)  This study has shown that bonding of 
orthodontic appliances with conventional methods, applying sealant, is still the treatment of 
choice with regards to prevention of decalcification. 
 Our findings suggest that although the SEP is convenient and fulfills the purpose of 
improving the efficiency related to bonding, it offers little if no resistance against the 
formation of decalcification on the surfaces bonded.  A SEP agent would be ideal, if one 
would incorporate a sealant component.  In the mean time, if one chooses to employ an SEP 
in ones practice, additional preventive measures may be necessary.  Preventive measures may 
include but not limited to a periodic fluoride varnish application, additional home care 
fluoride treatments, or a fluoride releasing sealant around the bracket of the patients that may 







SUMMARY AND CONCLUSIONS 
SUMMARY 
 The purpose of this in vivo study was to evaluate the amount of white spot formation 
(decalcification) associated with a self etching primer (SEP) as compared to the application 
of traditional bonding technique, which includes a sealant layer (CES).  In addition, the effect 
of patient’s individual hygiene level and how one’s oral hygiene compliance affects the level 
of decalcification associated with the bonding agents. 
This study investigated two different bonding techniques and whether they may 
reduce the amount of decalcification present following orthodontic therapy in the presence of 
a self-etching primer or conventional etch and rinse plus sealant layer.  25 subjects were 
bonded using two different agents, 12 patients were bonded with a self-etching primer (SEP) 
on the maxillary arch(Transbond Plus, 3M Unitek) and a traditional sealant layer (CES) on 
the mandibular arch, while in the other 13 patients, this process was reversed.  A Scanning 
Electron Microscope will be used to compare surface differences among the groups.  At the 
end of treatment (treatment time ranged between 18 and 24 months) subjects were broken 
down into groups according to their oral hygiene compliance throughout treatment (E-
excellent, G-good, F-fair, and P-poor).  As well as the amount of decalcification present on 
the subject’s dentition.  Once the teeth were all scored and recorded the decalcification score 
was analyzed according to the following groups; bonding agent, location of bonding agent, 
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the level of hygiene compliance and then interactions.  Statistical analysis, with the 
significance set at p<0.05, was done using ANOVA and one-way analysis of variance.  This 
showed that there is no difference when comparing maxillary and mandibular arches’.  There 
is a significant difference when comparing the type of bonding agent as this relates to 
decalcification p<0.001.  A significant difference exist between the level of hygiene 
compliance and decalcification p<0.0001.  When using Tukey Kramer multiple comparisons 
test it was found that there is no significant difference in decalcification score between the 
excellent and good hygiene groups, but there is a significant difference between the 
excellent, good, fair and poor as they relate to each other.  It was shown that self-etching 
primers when compared with traditional sealant layers have significantly more 
decalcification present.  While comparing hygiene compliance with decalcification, a self-
etching primer presents with more decalcification in all groups.  There is no significant 
difference in the location of the bonding agent as it relates to maxillary or mandibular 
bonding.  When comparing surface characteristics among the SEM images, it was shown that 
the typical honeycomb appearance, associated with the traditional etch and rinse pattern 
(CES) differs quite significantly when comparing it to the SEP.  A porous polymer covered 
surface is apparent in the SEP compared to the continuous coverage with sealant in CES.  It 
is suggested that when using a self-etching primer other remineralizing means should be used 




The following conclusions were made: 
1. There is a significant difference between the hygiene level and the related 
decalcification score (p<0.0001). 
2. Significant differences in decalcification was found when comparing hygiene 
compliance groups; excellent and fair group; excellent and poor group; good and fair 
group; good and poor group; and fair and poor group. 
3. No significant difference in decalcification score was found between the hygiene 
compliance level in the excellent and good group. 
4. The mean decalcification score of all patients based on level of hygiene compliance 
increased in score as hygiene level changed from excellent to poor. 
5. There was a significant difference in decalcification score between bonding agents 
(p<0.001). 
6. No significant difference existed with regards to the location of the bonding agent. 
7. The amount of teeth affected by decalcification was doubled when compared to the 
conventional bonding group (CES). 
8. When comparing the bonding agent used, hygiene level and decalcification score, it 
was shown that there was a significant hygiene compliance level by bonding agent 
interaction in decalcification score (p<0.0001). 
9. The SEP group significantly presented with a higher decalcification score in all 




 Based on the findings of this study, the following recommendations are offered.  It 
would be beneficial to perform an in vitro and in vivo study to evaluate what product is best 
suited to help fight decalcification while using a self etching primer (SEP).  Also since in 
vivo quantification can be difficult to see demineralization with the naked eye, a study design 
that utilizes teeth that are treatment planned for extraction may offer more insight with 
microscopic evaluation. 
 While the self etch primers may vary in acidic strength and etching aggressiveness, 
incorporating dissolved hydroxyapatite crystals and smear layer remnants within the bond 
may weaken the bond integrity and bond strength.  As well could influence surface 
breakdown leading to further decalcification.  Long-term success of using an SEP as the 
bonding agent of choice needs further investigation. 
 The clinician needs to evaluate the differences between a “Strong” pH SEP and a 
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Pre-Treatment Bonding Data Sheet 
 
 
O’Leary Plaque Index 
 
  
# of surfaces with plaque divided by total # of surfaces X 100 =  ______ % 
 
Excellent hygiene: 0-20% 
Good hygiene: 21-40% 
Fair hygiene: 41-60% 














Case # Patient Name Chart # Max. Bond Date Man. Bond Date 
     
Maxillary Arch 
CES     SEP 
Mandibular Arch 




Post-Treatment Bonding Data Sheet 
 
 
O’Leary Plaque Index 
 
 
# of surfaces with plaque divided by total # of surfaces X 100 =  ______ % 
Excellent hygiene: 0-20% 
Good hygiene: 21-40% 
Fair hygiene: 41-60% 










 Score 1 Score 2 Score 3 Score 4 
  
 
Score 1 = No decacification 
Score 2 = Slight decalcification (one area) 
Score 3 = Large area or multiple areas 
Score 4 = Cavitation present 
 
Individual scoring of teeth:  Insert score in box accordingly.  
  
 
5 4 3 2 1 1 2 3 4 5 
5 4 3 2 1 1 2 3 4 5 
 
Case # Patient Name Chart # Max. Bond Date Man. Bond Date 




























Hygine Agent Tooth # 
Decalcification 
Score 
1 P A UR1 2 
1 P A UR2 4 
1 P A UR3 3 
1 P A UR5 3 
1 P A UL1 2 
1 P A UL2 3 
1 P A UL3 3 
1 P A UL5 2 
1 P B LR1 1 
1 P B LR2 1 
1 P B LR3 2 
1 P B LR5 2 
1 P B LL1 1 
1 P B LL2 1 
1 P B LL3 1 
1 P B LL5 1 
2 E A UR1 1 
2 E A UR2 1 
2 E A UR3 1 
2 E A UR5 2 
2 E A UL1 1 
2 E A UL2 1 
2 E A UL3 1 
2 E A UL5 1 
2 E B LR1 1 
2 E B LR2 1 
2 E B LR3 1 
2 E B LR5 1 
2 E B LL1 1 
2 E B LL2 1 
2 E B LL3 1 
2 E B LL5 1 
3 G A UR1 1 
3 G A UR2 2 
3 G A UR3 1 
3 G A UR4 1 
3 G A UR5 1 
3 G A UL1 1 
3 G A UL2 1 
3 G A UL3 1 
3 G A UL4 1 
3 G A UL5 1 
3 G B LR1 1 
3 G B LR2 1 
3 G B LR3 1 
3 G B LR4 1 
3 G B LR5 1 
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3 G B LL1 1 
3 G B LL2 1 
3 G B LL3 1 
3 G B LL4 1 
3 G B LL5 1 
4 E A UR1 1 
4 E A UR2 1 
4 E A UR3 1 
4 E A UR4 1 
4 E A UR5 1 
4 E A UL1 1 
4 E A UL2 1 
4 E A UL3 1 
4 E A UL4 1 
4 E A UL5  1 
4 E B LR1 1 
4 E B LR2 1 
4 E B LR3 1 
4 E B LR4 1 
4 E B LR5 1 
4 E B LL1 1 
4 E B LL2 1 
4 E B LL3 1 
4 E B LL4 1 
4 E B LL5 1 
5 G A UR1 1 
5 G A UR2 1 
5 G A UR3 1 
5 G A UR4 1 
5 G A UR5 1 
5 G A UL1 1 
5 G A UL2 1 
5 G A UL3 1 
5 G A UL4 1 
5 G A UL5 1 
5 G B LR1 1 
5 G B LR2 1 
5 G B LR3 1 
5 G B LR4 1 
5 G B LR5 1 
5 G B LL1 1 
5 G B LL2 1 
5 G B LL3 1 
5 G B LL4 1 
5 G B LL5 1 
6 G A UR1 1 
6 G A UR2 2 
6 G A UR3 1 
6 G A UR4 1 
6 G A UR5 1 
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6 G A UL1 1 
6 G A UL2 1 
6 G A UL3 1 
6 G A UL4 2 
6 G A UL5 2 
6 G B LR1 1 
6 G B LR2 1 
6 G B LR3 1 
6 G B LR4 1 
6 G B LR5 1 
6 G B LL1 1 
6 G B LL2 1 
6 G B LL3 1 
6 G B LL4 1 
6 G B LL5 1 
7 E A UR1 1 
7 E A UR2 1 
7 E A UR3 1 
7 E A UR4 1 
7 E A UR5 1 
7 E A UL1 1 
7 E A UL2 1 
7 E A UL3 1 
7 E A UL4 1 
7 E A UL5 1 
7 E B LR1 1 
7 E B LR2 1 
7 E B LR3 1 
7 E B LR4 1 
7 E B LR5 1 
7 E B LL1 1 
7 E B LL2 1 
7 E B LL3 1 
7 E B LL4 1 
7 E B LL5 1 
8 E A UR1 1 
8 E A UR2 1 
8 E A UR3 1 
8 E A UR4 1 
8 E A UR5 1 
8 E A UL1 1 
8 E A UL2 1 
8 E A UL3 1 
8 E A UL4 1 
8 E A UL5 1 
8 E B LR1 1 
8 E B LR2 1 
8 E B LR3 1 
8 E B LR4 1 
8 E B LR5 1 
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8 E B LL1 1 
8 E B LL2 1 
8 E B LL3 1 
8 E B LL4 1 
8 E B LL5 1 
20 E A UR1 1 
20 E A UR2 1 
20 E A UR3 1 
20 E A UR4 1 
20 E A UR5 1 
20 E A UL1 1 
20 E A UL2 1 
20 E A UL3 1 
20 E A UL4 1 
20 E A UL5 1 
20 E B LR1 1 
20 E B LR2 1 
20 E B LR3 1 
20 E B LR4 1 
20 E B LR5 1 
20 E B LL1 1 
20 E B LL2 1 
20 E B LL3 1 
20 E B LL4 1 
20 E B LL5 1 
21 G A UR1 1 
21 G A UR2 1 
21 G A UR3 1 
21 G A UR4 1 
21 G A UR5 2 
21 G A UL1 1 
21 G A UL2 1 
21 G A UL3 1 
21 G A UL5 2 
21 G B LR1 1 
21 G B LR2 1 
21 G B LR3 1 
21 G B LR4 1 
21 G B LR5 1 
21 G B LL1 1 
21 G B LL2 1 
21 G B LL3 1 
21 G B LL4 1 
21 G B LL5 1 
22 P A UR1 4 
22 P A UR2 3 
22 P A UR3 3 
22 P A UR5 3 
22 P A UL1 3 
22 P A UL2 3 
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22 P A UL3 3 
22 P A UL5 3 
22 P B LR1 3 
22 P B LR2 3 
22 P B LR3 3 
22 P B LR4 3 
22 P B LL1 2 
22 P B LL2 2 
22 P B LL3 2 
22 P B LL4 3 
23 E A UR1 1 
23 E A UR2 1 
23 E A UR3 1 
23 E A UR4 1 
23 E A UR5 1 
23 E A UL1 1 
23 E A UL2 1 
23 E A UL3 1 
23 E A UL4 1 
23 E A UL5 1 
23 E B LR1 1 
23 E B LR2 1 
23 E B LR3 1 
23 E B LR4 1 
23 E B LR5 1 
23 E B LL1 1 
23 E B LL2 1 
23 E B LL3 1 
23 E B LL4 1 
23 E B LL5 1 
24 G A UR1 1 
24 G A UR2 1 
24 G A UR3 1 
24 G A UR4 1 
24 G A UL1 1 
24 G A UL2 1 
24 G A UL3 1 
24 G A UL4 1 
24 G B LR1 1 
24 G B LR2 1 
24 G B LR3 1 
24 G B LR5 1 
24 G B LL1 1 
24 G B LL2 1 
24 G B LL3 1 









Hygiene Agent Tooth # 
Decalcification 
Score 
9 G B UR1 1 
9 G B UR2 1 
9 G B UR3 1 
9 G B UR4 2 
9 G B UR5 1 
9 G B UL1 1 
9 G B UL2 1 
9 G B UL3 1 
9 G B UL4 1 
9 G B UL5 1 
9 G A LR1 2 
9 G A LR2 1 
9 G A LR3 2 
9 G A LR4 1 
9 G A LR5 1 
9 G A LL1 2 
9 G A LL2 1 
9 G A LL3 1 
9 G A LL4 1 
9 G A LL5 1 
10 G B UR1 1 
10 G B UR2 1 
10 G B UR3 1 
10 G B UR5 1 
10 G B UL1 1 
10 G B UL2 1 
10 G B UL3 1 
10 G B UL5 1 
10 G A LR1 1 
10 G A LR2 1 
10 G A LR3 2 
10 G A LR4 2 
10 G A LR5 1 
10 G A LL1 1 
10 G A LL2 1 
10 G A LL3 2 
10 G A LL4 1 
10 G A LL5 1 
11 E B UR1 1 
11 E B UR2 1 
11 E B UR3 1 
11 E B UR4 1 
11 E B UL1 1 
11 E B UL2 1 
11 E B UL3 1 
11 E B UL4 1 
11 E A LR1 1 
11 E A LR2 1 
11 E A LR3 1 
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11 E A LR5 1 
11 E A LL1 1 
11 E A LL2 1 
11 E A LL3 1 
11 E A LL5 1 
12 G B UR1 1 
12 G B UR2 1 
12 G B UR3 1 
12 G B UR5 1 
12 G B UL1 1 
12 G B UL2 1 
12 G B UL3 1 
12 G B UL5 1 
12 G A LR1 1 
12 G A LR2 1 
12 G A LR3 1 
12 G A LR5 1 
12 G A LL1 1 
12 G A LL2 1 
12 G A LL3 2 
12 G A LL5 1 
13 F B UR1 1 
13 F B UR2 1 
13 F B UR3 1 
13 F B UR5 1 
13 F B UL1 1 
13 F B UL2 1 
13 F B UL3 1 
13 F B UL5 1 
13 F A LR1 1 
13 F A LR2 2 
13 F A LR3 2 
13 F A LR4 1 
13 F A LR5 2 
13 F A LL1 1 
13 F A LL2 2 
13 F A LL3 2 
13 F A LL4 2 
13 F A LL5 2 
14 G B UR1 1 
14 G B UR2 1 
14 G B UR3 1 
14 G B UR4 1 
14 G B UR5 1 
14 G B UL1 1 
14 G B UL2 1 
14 G B UL3 2 
14 G B UL4 2 
14 G B UL5 2 
14 G A LR1 1 
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14 G A LR2 1 
14 G A LR3 1 
14 G A LR4 1 
14 G A LR5 1 
14 G A LL1 1 
14 G A LL2 1 
14 G A LL3 1 
14 G A LL4 1 
14 G A LL5 1 
15 F B UR1 1 
15 F B UR2 1 
15 F B UR3 1 
15 F B UR4 1 
15 F B UR5 1 
15 F B UL1 1 
15 F B UL2 1 
15 F B UL3 1 
15 F B UL4 1 
15 F B UL5 1 
15 F A LR1 2 
15 F A LR2 1 
15 F A LR3 1 
15 F A LR4 1 
15 F A LR5 1 
15 F A LL1 2 
15 F A LL2 1 
15 F A LL3 1 
15 F A LL4 1 
15 F A LL5 1 
16 G B UR1 1 
16 G B UR2 1 
16 G B UR3 1 
16 G B UR4 1 
16 G B UR5 1 
16 G B UL1 1 
16 G B UL2 1 
16 G B UL3 1 
16 G B UL4 1 
16 G B UL5 1 
16 G A LR1 2 
16 G A LR2 1 
16 G A LR3 2 
16 G A LR4 1 
16 G A LR5 1 
16 G A LL1 1 
16 G A LL2 1 
16 G A LL3 2 
16 G A LL4 1 
16 G A LL5 1 
17 P B UR1 1 
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17 P B UR2 1 
17 P B UR3 3 
17 P B UR4 1 
17 P B UR5 1 
17 P B UL1 1 
17 P B UL2 1 
17 P B UL3 3 
17 P B UL4 1 
17 P B UL5 2 
17 P A LR1 1 
17 P A LR2 1 
17 P A LR3 3 
17 P A LR4 2 
17 P A LR5 2 
17 P A LL1 1 
17 P A LL2 1 
17 P A LL3 3 
17 P A LL4 2 
17 P A LL5 2 
18 P B UR1 1 
18 P B UR2 3 
18 P B UR3 3 
18 P B UR4 2 
18 P B UR5 1 
18 P B UL1 2 
18 P B UL2 3 
18 P B UL3 3 
18 P B UL5 1 
18 P A LR1 1 
18 P A LR2 1 
18 P A LR3 2 
18 P A LR4 4 
18 P A LR5 3 
18 P A LL1 2 
18 P A LL2 2 
18 P A LL3 2 
18 P A LL5 2 
19 E B UR1 1 
19 E B UR2 1 
19 E B UR3 1 
19 E B UR4 1 
19 E B UR5 1 
19 E B UL1 1 
19 E B UL2 1 
19 E B UL3 1 
19 E B UL4 1 
19 E B UL5 1 
19 E A LR1 1 
19 E A LR2 1 
19 E A LR3 1 
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19 E A LR4 1 
19 E A LR5 1 
19 E A LL1 1 
19 E A LL2 1 
19 E A LL3 1 
19 E A LL4 1 
19 E A LL5 1 
25 F B UR1 2 
25 F B UR2 4 
25 F B UR3 2 
25 F B UR4 2 
25 F B UR5 2 
25 F B UL1 2 
25 F B UL2 3 
25 F B UL3 2 
25 F B UL4 2 
25 F B UL5 2 
25 F A LR1 2 
25 F A LR2 3 
25 F A LR3 3 
25 F A LR4 3 
25 F A LR5 2 
25 F A LL1 3 
25 F A LL2 3 
25 F A LL3 3 
25 F A LL4 3 
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